ABSTRACT
Beginning 24h prior to the experiments, the animals were acclimatized in a vivarium and maintained in plastic cages containing a maximum of four animals. The rats received water and food ad libidum, and were maintained at room temperature with 12-h light/dark cycles.
After weighing the animals, the experimental procedure was initiated with intramuscular anesthesia, with chlorhydrate 2-(2.6 xilidine)-5.6-dihidro-4H-1.3-thiazine (Rompun 2%, Bayer, Sao Paulo-SP, Brazil) at a dosage of 1 mg/kg and ketamine chlorhydrate (Ketalar, Pfizer, Guarulhos-SP, Brazil) at a dosage of 20 mg/kg, in a 1:1 ratio. Based on the dose of each drug,1 ml/ kgbody weight of the mixture was used for anesthesia 1 .
With the animal anesthetized, the head was shaved followed by antisepsis of the shaved skin with an alcohol solution including 0.5% clorhexidine (Riohex, Rioquimica, Sao Jose do Rio Preto-SP, Brazil). Using a 30G × 7 mm needle (PrecisionGlide™, BD, Sao Paulo-SP, Brazil), the skin was pierced in the frontal region, paramedian, 5 mm posterior to the nasal root, without transfixing the skin on the contralateral side. A 3-0, 5-10 mm steel thread (Aciflex, Ethicon, Sao Paulo-SP, Brazil) was then introduced through the eye of the needle to the subcutaneous tissue of the punctured region. This steel thread was exposed when the puncture needle was retracted posteriorly, permitting sectioning of the thread with a scissor and the final introduction of the same thread in the subcutaneous tissue using Halsted nippers (Figure 1) . The function of this implanted thread was to serve as a dynamic radiological marker to observe the mobility of the flap during the study period.
After introducing the radiological marker, the cranium of the animal was immobilized in a cephalostat adapted from a portable computer metal support over a wooden board, to permit pre-and postoperative radiography (Figure 2) . Two animals per group were euthanized in ascending numerical sequence using deep anesthesia once the final radiographs were taken and after collecting tissue for histological analysis.
Qualitative data analysis was performed and also ANOVA analysis of variance and Tukey's test with a significance level of 5%.
Results
No macroscopic tearing of the dura was detected in Group B from the skull perforations and, in most cases, these surgeries were bloodless.
There were no significant differences between the groups over time and between radiological time-points (Table 1) . 
Discussion
The experimental model proposed is easily reproduced and uses easily obtained tools and instruments, therefore fi lling a void in experimental research in plastic surgery with previous results only in either clinical cases or less commonly, in rabbits 17 .
We chose Wistar rats because these animals have a low risk of anesthetic death, are commonly available, are maintained in several research centers, and allow our model to be reproduced with other types of fi xation. The radiological marker is the essential element in the collection of the dynamic data and its clinical application in rats was also efficient. It was completely inserted in the soft tissues and not free-floating between the periosteum and the skull, which is a concern. It was visible on the radiographs and all of the measurements were taken from its midpoint to the most distal point on the left nasal bone. Its midpoint could also be considered a central axis because of its three-dimensional positioning in the soft tissues. Therefore, minor irregular displacement of its ends or even its length did not influence the measurements.
The need to create a cephalostat led us to create a practical and trustworthy model using a set of mobile supports for a portable computer. This set, attached to a wooden board, allowed for the immobilization of the rat's head and, as a result, the standardization of the radiographs.
Occlusal dental 57 × 76 mm radiograph films have dimensions compatible with the anatomical area we studied, facilitating the imaging and allowing for repeatability.
The animals we used were purposefully larger with weights in the range of 350g. This was important for the surgical procedures and also for imaging records and specimen collection. The incremental stretching of the pericranium-cutaneous flap in Group A, from days 3-7 suggests that fixation could be disposable. Troilius 8 advocates that the means of fixation could be expendable in endoscopic frontal rhytidectomy to achieve more natural results. In our study, we found that the control group did not reach the levels of stretching achieved by the treated groups, neither in the immediate postoperative period, nor at the end of the experiment, contrary to the study by Troilius 8 .
Kriet et al. 18 studied the tensile strength of pericraniumcutaneous flaps using a tensiometer in rabbits that did not receive periosteal fixation, and observed a decrease in tension starting on day 3 postoperatively and a recovery by day 8 postoperatively, which remained until the last measurement on day 28 postoperatively.
Romo et al. 17 observed minimal periosteal adherence in the early postoperative period, which progressed up to 12 weeks in rabbits.
The minimum time for periosteal adherence was six weeks. In our study, after a decrease near day 3, we observed recovery of the amount of stretching of the flaps in the treated groups on day 7. This confirms an effect of tissue fasteners on this recovery, possibly creating a greater inflammatory response and, therefore, greater stretch of the flap in the long term. We saw this in Group B on day 21 and in Group C on days 14 and 45 postoperatively.
The greater effect seen in Group C can also be explained by the exothermic reaction generated in the polymerization of this tissue adhesive 16, 19 . Contrary to cyanoacrylates, Embucrilate TM is less toxic with a long chain and a gradual-release reaction 20 .
Romo et al. 17 compared rabbits subjected to subperiosteal coronal rhytidectomy with skin resection and, using an absorbable screw fastener endoscopically and without skin resection, they Graf et al. 7 analyzed a group of 72 patients who underwent endoscopic frontal rhytidectomy and found that in 38 patients analyzed between 3.5 and 8.5 months, there was a progressive and spontaneous elevation of the medial, central, and lateral areas in both eyebrows and saw the same effect in another 24 patients studied between 3.5 and 24 months. In this study, was found spontaneous stretch in the control group and the Sham group already present in the immediate postoperative period, which progressed by days 3 and 7, when it reached its peak. However, the treated groups also showed peak stretch, at days 7 and 45 in Group C, and at day 14 in Group B, suggesting an effect of the reactivity of the fixation method. Our experimental model appears to reflect situations encountered clinically.
Conclusion
This experimental model created acceptable experimental conditions for testing different soft tissue fixation methods.
The use of tissue fixatives contributed to better placement of pericranium-cutaneous flaps, and surgical adhesive was superior to suture anchor in the bone tunnel for fixation of pericraniumcutaneous flaps.
